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FOREWORD 

This  report  summarizes  the  results  of  a  cooperative  study  of  fouling 
cownunities  in  the  approaches  to  the  Baltic  Sea  carried  out  by  the  Royal 
Danish  Navy,  the  Federal  Republic  of  Germany  Ministry'  of  Defense,  and 
the  U*S.  Navy  during  1975  through  1977.  This  study  is  one  of  a  series 
of  regional  studies  of  fouling  consnunities  to  assess  the  local  effects 
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During  1975-1977,  biofouling  organisms  were  collected  at  21 
sampling  stations  located  in  n  variety  of  depths  and  environ¬ 
ments  in  the  Danish  Sounds.  The  collected  data  show  that  from 
an  engineering  point  of  view,  marine  fouling  organisms  will  be 
a  problem  throughout  the  operation  area,  and  at  all  depths. 
Marine  borers,  however,  will  be  encountered  only  in  the 
northern  portion  of  the  survey  area. 
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INTRODUCTION 


Fouling  organisms  are  known  to  affect  the  operating  efficiency  of  under¬ 
water  hardware  and  sensors.  Thus,  for  planning  purposes,  it  is  important  to 
know  what  kinds  of  fouling  organisms  will  be  encountered  in  operational  areas, 
and  if  these  organisms  will  be  found  in  sufficient  numbers  to  cause  problems. 

The  scientific  literature  of  the  Danish  Sounds  region  (sometimes  referred 
to  as  the  ’’Danish  Straits")  contains  only  one  reference  to  fouling  distribution 
with  depth;  a  report  on  the  epifauna  of  a  German  submarine  net  that  protected 
the  entrance  to  the  Oresund  during  3940-1945  (firattstrom,  1946).  To  supplement 
Rrattstrom’s  data,  the  Royal  Danish  Navy  and  the  U.S.  Navy  undertook  a  cooper¬ 
ative  study  of  the  distribution  and  abundance  of  fouling  species  in  the  app¬ 
roaches  to  the  Baltic  Sea  during  1975-1977. 

This  report  is  a  summary  of  the  results  of  this  investigation. 


METHODS 

We  wondered  if  low  salinity  water  would  limit  the  distribution  and  abundance 
of  local  fouling  organisms.  Brackish  water  from  the  Baltic  Sea  flows  north¬ 
ward  at  the  surface  through  the  Danish  Sounds,  while  North  Sea  water  flows 
toward  the  Baltic  along  the  bottom.  The  mean  surface  salinity  in  the  southern 
ends  of  the  sounds  is  about  10  parts  per  thousand  (°/oo) .  The  salinity  increases 
to  15  -  20  °/oo  in  the  middle  portion  of  the  so.unds,  and  to  22  -  25  c/oo  at 
northern  ends  (Alhonen,  1966).  Since  the  sounds  are  narrow  and  shallow, 
intensive  vertical  mixing  takes  place  (Sverdrup  et  al. *  1942). 

To  learn  how  this  complex  environment  affects  the  local  fouling  populations 
we  sampled  at  the  twenty-one  sites  indicated  in  figure  1  and  table  I,  using 
standard  test  panels  as  biofouling  collectors.  Standard  biofouling  test 
panels  are  made  from  15  cm.  by  30  cir.  sections  cf  wood  and  asbestos  attached 
to  one  another  like  a  sandwich  and  held  in  place  with  brass  screws.  The 
asbestos  is  for  the  attaching  organisms;  the  wooden  portion  collects  boring 
organisms . 

Nine  primary  sampling  sites  were  selected  in  the  survey  area,  each 
approximately  0.2  nautical  mile  from  shore  (fig.l,  #1  thru  // 9).  At  each  of 
these  stations,  twelve  test  panels  were  attached  about  8  meters  below  the 
surface,  as  shown  in  figure  2.  We  removed  one  test  panel  from  each  station 
each  month  for  twelve  months. 

We  also  sampled  at  twelve  secondary  stations  (fig.l,  //I  thru  //XII),  to 
assess  the  effects  of  depth  and  distance  from  shore  on  fouling  rates.  At 
each  of  these  offshore  stations  w7e  exposed  a  single  test  panel  close  to  the 
bottom  fcr  approximately  one  year.  These  test  panels  were  attached  to  current 
meter  support  platforms  placed  on  the  bottom  in  water  depths  of  15  to  29 
meters  (table  II).  Test  panels  at  both  the  primary  and  the  secondary 
sampling  stations  were  deployed  and  recovered  by  divers. 


After  recovery  the  test  panels  were  preserved  in  alcohol  and  shipped  to 
the  Naval  Oceanographic  Office  for  analysis.  Laboratory  analysis  consisted  of 
identifying  the  various  species,  determining  their  relative  abundance  on 
each  of  the  test  panels,  and  measuring  the  hardshelled  forms.  The  fouling 
organisms  were  then  removed  from  the  asbestos  surfaces,  air-dried,  and  weighed 
for  assessment  of  biofouling  productivity. 

Wooden  test  panels  were  x-rayed  to  obtain  a  count  of  the  rrarine  borers, 
then  opened  to  collect  and  identify  species. 

Underwater  photographs  cf  the  test  panel  arrays  were  taken  to  determine 
the  vertical  distribution  of  fouling  organisms  cf  floats  and  mooring  lines. 


DISTRIBUTION  AND  ABUNDANCE  OF  FOULING  ORGANISMS 

The  organisms  that  attached  to  floats,  mooring  lines,  and  test  panels 
usually  arranged  thenselves  into  two  distinct  assemblages  -  one  near  the 
surface  (to  about  11  meters  below  mean  low  water)  and  another  near  the  bottom. 
The  near-surface  assemblage  was  dominated  by  the  mussel  My  t i lus  edulis ;  the 
near-bottom  assemblage  was  dominated  by  the  barnacles  Balanus  crenatus  and 
Balanus  improvisus . 

Mytilus  edulis  attach  tc  a  substrate  with  the  help  of  tough,  proteinaceous 
l. ... eads  called  the  "byssus'.  Where  there  are  a  superabundance  of  My  t i lus , 
the\  attach  to  one  another  with  these  byssal  threads,  forming  tightly  bound 
clusters.  The  clusters  near  the  top  of  our  test  panel  mooring  lines  (fig. 2) 
sometimes  grew  tc  15  centimeters  in  diameter  during  the  growing  season  (May 
through  October) . 

Barnacles,  which  cement  themselves  directly  to  the  substrate,  attain  an 
adult  height  of  only  about  1.5  centimeters.  They  seldom  accumulated  to  a 
thickness  of  more  than  2.5  centimeters  on  any  of  the  test  surfaces. 

There  were  wide  variations  in  total  biomass  at  both  the  primary  and  the 
secondary  sampling  stations  'table  II),  even  though  the  dominants  were  region¬ 
ally  well-distributed  (table  III).  This  ’patchiness”  is  not  unusual  in 
complex  coastal  environments,  where  fouling  communities  must  contend  with 
transient  physical  and  biological  factors  that  affect  settlement  and  growth 
(pollution,  water  movement,  competition,  etc.). 

Our  total  biomass  data  (table  II)  showed  no  north-to-south  trend.  The 
only  real  trend  was  depth-related;  the  shallow  stations  were,  on  average, 
more  than  twice  as  prcductive  as  the  deep  stations. 


MARINE  BORER  DISTRIBUTION  AND  ABUNDANCE 

Teredo  navalis  and  I imnor ia  lignoi urn  were  the  cnly  marine  borer  species 
found  in  wooden  test  panels,  and  these  only  at  stations  north  of  55  22fN 
latitude.  The  apparent  salinity  limitation  on  the  local  distribution  of  these 
two  borers  is  in  accordance  with  observations  by  Somme  (1940),  who  reported 
that  Llmnor ia  llgnorum  occurs  along  the  Danish  coast  only  as  far  south  as 
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Kjels  Nor,  where  the  yearly  average  salinity  is  14.3  °/oo;  and  by  Miller  (1926), 
who  found  that  Teredo  navalis  remains  active  at  salinities  no  lower  than  about 
9  °/oo. 

Of  the  two  borers.  Teredo  navalis  is  the  more  destructive  of  marine 
materials;  it  is  known  to  attack  cordage,  plastics,  rubber,  and  gutta  percha 
(Sncke,  1957;  Bultman  &  Southwell,  1971).  Teredo  bore  tunnels  by  using  an 
upward  and  downward  movement  of  their  denticulated  shells,  and  are  most  active 
when  the  water  temperature  is  between  15°C  and  20cC  (Perkins,  1974).  At 
stations  5,  6,  7,  8,  1,  VIII,  and  XI,  Teredo  navalis  tunneled  into  the  wooden 
panels  at  the  rate  of  about  two  centimeters  per  month  during  the  summer  months. 

Limnor ia  ligncrum  also  degrades  cordage  and  the  gutta  percha  of  sub¬ 
marine  cables  (Snoke,  1957)  but  is  not  known  to  attack  either  plastics  or 
rubber.  It  can,  however,  consume  it*s  weight  in  wood  in  approximately  nine 
days  (U.S.N.  BuYards  &  Docks,  1965). 

Unlike  the  molluscan  borers,  L imn o r i a  tunnel  by  chewing  with  their 
mandibles.  In  wood  they  make  tunnels  just  beneath  the  surface,  with  small  holes 
cut  in  the  roof  of  the  tunnel  at  regular  intervals  to  assist  in  aeration.  These 
holes  are  distinctive  and  make  Limnoria  damage  to  wood  easily  ident if icable 
(fig. 4).  In  Danish  waters,  Limner ia  are  active  throughout  the  year. 

Limnoria  lignorum  were  found  only  occasionally  in  our  test  boards. 

This  animal  is  a  poor  swimmer  and  does  not  migrate  very  far  from  it's 
shoreline  broodsites. 


RECOMMENDED  PROTECTIVE  MEASURES 

It  is  new  readily  apparent  that  there  will  be  sufficient  numbers  and 
kinds  of  fouling  organisms  throughout  the  survey  area  to  affect  the  hydro¬ 
dynamics  of  unprotected  moored  objects  in  the  upper  11  meters,  and  the 
sensitivity  of  unprotected  instruments  at  all  depths. 

Toxic  paints  have  long  been  the  traditional  method  of  protecting 
surfaces  from  fouling  attachment.  Table  IV  lists  the  advantages  and  dis¬ 
advantages  of  the  general  types  of  antifouling  paints.  Cuprous  oxide  is 
still  the  most  effective  and  most  widely  used  toxicant;  a  properly  applied 
coating  will  usually  provide  good  service  for  eighteen  months  or  more. 
Organometallic  toxicants  are  new  and  have  appeal  because  of  their  noncorrosive 
qualities  but  their  effective  life  in  a  paint  matrix  is  somewhat  shorter 
than  for  cuprcus  oxide. 

In  addition  to  toxic  paints  there  are  a  number  of  other  techniques  that 
have  been  investigated  for  fouling  control.  These  are  reviewed  in  table  V.  Of 
these  methods,  however,  only  the  rubberized  fabric  coatings  impregnated  with 
tributyltin  compounds  have  proven  tc  be  practical  or  long-lasting  for  most 
Navy  applications. 

Full-cell  pressure  treatment  with  whole  creosote  is  the  recommended  wood 
preservative  in  waters  inhabited  by  Teredo  navalis  and  Limnoria  lignorum. 
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Figure  2.  The  method  of  exposing  marine  fouling  test  panels  at  primal y  sampling  stations. 
The  photo  on  the  left  shows  relatively  unfouled  test  panels  and  flotation  gear  at  station  9 
after  a  winter  exposure  (Sept  -Mar  ).  The  photo  on  the  right  shows  a  moie  severely  fouled 
array  of  panels  at  station  7  after  a  summer  exposure  (Mar  -Sept  ). 


Figure  4.  Wood  damage  by  Limnoria.  The  photograph  shows  a 
characteristic  pattern  of  aeration  holes  in  the  roofs  of  Limnoria 
tunnels. 


Station 

Coordinates . 

latitude (N)  longitude (E) 

Sampling  period 

1 

55°  24’  8" 

12°  18'  8" 

18  Feb.  ’ 76-18  Feb.  ' 77 

2 

55°  10'  42" 

12°  08'  6" 

17  Feb.  ' 76-19  Apr.  '  77 

3 

54°  36' 

10°  4.5' 

31  Mar.*76-4  Apr.'77 

4 

54°  28' 

9°  55.8' 

27  Feb. ' 76-7  Mar. ' 77 

5 

55°  22’  56" 

11°  06'  12" 

25  Feb. ' 76-23  Feb. ' 77 

6 

57°  30'  30" 

10°  24'  30" 

2  Mar. ' 76-2  Sep. ' 77 

7 

56°  03'  40" 

12°  01'  36" 

11  Mar. ' 76-13  Mar. ' 77 

8 

56°  00'  48" 

11°  18'  00" 

12  Mar.  ' 76-10  Mar.  '  77 

9 

55°  43'  12" 

12°  40'  18" 

29  Mar. ' 76-13  Jan.  ' 77 

I 

56°  14.6’ 

12°  14.8' 

12  Sep.  '75-20  Oct.  '  76 

II 

55°  49.5' 

12°  42.2' 

12  Sep. '75-30  Oct. ' 76 

III 

54°  33' 

12°  17.2' 

11  Sep. ' 75-15  Oct. ' 76 

i 

IV 

54°  30.9' 

11°  25' 

10  Sep. '75-5  Oct. ' 76 

V 

54°  35.5' 

10°  11.6' 

10  Sep. '75-6  Oct. '76 

VI 

55°  35.1' 

9°  50.9' 

12  Oct. '76-14  Sep. '77 

VII 

56°  09.6' 

11°  04.8' 

16  Oct. '76-17  Sep. ' 77 

VIII 

56°  09.5' 

11°  34.5' 

16  Oct. ' 76-17  Sep. ' 77 

IX  1 

55°  57.5’ 

10°  59.3' 

13  Oct. ' 76-17  Sep. ' 77 

X 

54°  30' 

10°  18.7' 

11  Oct. '76-13  Sep. ' 77 

XI 

55°  40.1' 

10°  09.8’ 

12  Oct. ' 76-19  Sep. ' 77 

XII 

_ 1 

54°  54.6' 

10°  09.5' 

11  Oct. ' 76-21  Sep. ' 77 

Table  I  *  Sampling  station  coordinates  and  sampling  periods. 
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Table  II  -  Sample  depth  and  distance  from  shore  vs.  annual  weight  production, 
Danish  Sounds  survey  area. 
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present  pollution 
problems . 

Requires  high 
toxin  loadings. 
Leaching  rates 
variable . 

hot  plastics) 

i 

i 

j 

Organome tallies 

Highly  toxic. 

Doesn't  promote 
galvanic  corrosion . 
Hard  durable  surface 

Special  handling 
|  required. 

Soluble  matrix  ; 

(coal  tar  pitch 
or  rosins) 

;  Heavy  metals 

New  toxic  surface 
continuously  exposed 

Requires  thick 
coating  matrix. 
Erosion  highly 
variable . 

Table  IV  *  Antifouling  paints  (adapted  from  Benson  et  al.,  1973) 


METHOD  PROBABLE  MECHANISM  EFFECTIVENESS 


antifouling  techniques  other  than  paint  (adapted  from  Benson  et  al.f  1973) 


METHOD  probable  mechanism  effectiveness 
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Table  V  -  Review  of  antifouling  techniques  other  than  paint  (continued). 


DISTRIBUTION  LIST 


CNR  (Code  484) 

CNO  (OP-952F) 

DTNSRDCDFT  -  ANNAPOLIS 
NAVOCEANSYSCENDET  -  KAILUA 
NUSCDET  -  NEW  LONDON  (Code  TA-13) 
NRL  (Code  8350) 

COMNAVOCEANCOM 

COMNAVFACENGCOM 

NAVCOASTSYSCEN 

NAVOCEANSYSCEN 

NISC 

FLEMINEWARTRACEN 

NAVPGSCOL 

CIVENGRLAB 


DTIC  12  copies 

USACE/NED  -  WALTHAM 
USDAO  -  NEW  YORK  09080  2  copies 

USDAO  -  NEW  YORK  09170  2  copies 

HARVARD 

TAMU 

CLAPP 

HBF  -  FORT  PIERCE 


INT&DP  -  ARGENTINA 
MATRESLAB  -  AUSTRALIA 
CUL  -  BELGIUM 
ODEMA  -  BELGIUM 
TIO/NBO  -  CHINA  (PR) 

SCSIO/AS  -  CHINA  (PR) 

IO/AS  -  CHINA  (PR)  2  copies 

IS/UC  -  DENMARK 
HEMPLE  -  DENMARK 

DIRTACTRA/RDNAVY  -  DENMARK  2  copies 

IOF  -  EGYPT 

IOF/HI  -  EGYPT 

IOF/ASRT  -  EGYPT 

FS/MU  -  EGYPT 

HMDOCKYARD  -  ENGLAND 

ACSr  -  ENGLAND 

BIC  -  ENGLAND 

PP/ML  -  ENGLAND 

IMER  -  ENGLAND 

SME  -  FRANCE 

CNEXO  -  FRANCE 

SOCREO  -  FRANCE 

ERPROBUNGSTELLE  -  GERMANY  (FR) 

BWBF  -  GERMANY  (FR) 

BM  -  GERMANY  (FR) 

FMD  -  GERMANY  (FR) 


DISTRIBUTION  LIST  (con.) 


IOFR  -  GREECE 
MBS  -  INDIA 
UK  -  INDIA 
IAC/UG  -  ITALY 

IL  -  ITALY  2  copies 

NSM  -  JAPAN 

DK  -  JAPAN 

IMT  -  SOUTH  AFRICA 

DAH  -  SYRIA 

OD/FS/SU  -  YEMEN  AR 

IB  -  YUGOSLAVIA 
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